This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



COUNTRY 

N/A 

N/A 

N/A 

N/A 

N/A 



COUNTRY 
N/A 



CLIPPEDIMAGE= JP411243251A 

PAT-NO: JP411243251A 

DOCUMENT- IDENTIFIER: JP 11243251 A 

TITLE: SEMICONDUCTOR LASER 

PUBN-DATE: September 7, 1999 

INVENTOR- INFORMATION: 
NAME 

SASANUMA, KATSUNOBU 
SAITO, SHINJI 
HATAGOSHI, GENICHI 
NISHIO, JOSHI 
ONOMURA, MASAAKI 

ASS I GNEE - INFORMAT I ON : 
NAME 

TOSHIBA CORP 
APPL-NO: JP10045292 
APPL-DATE: February 26/ 1998 * : 
INT-CL (IPC) : H01S003/18;H01L033/0Q 
ABSTRACT: 



PROBLEM TO BE SOLVED: To make higher the value of the 
effective refractive 

index of an optical waveguide in a laser luminescence than 
that of the %i . , 

effective refractive index of GaN contact layers in a GaN 
laser, by a method 

wherein the GaN layer is constituted of an active layer 
having a specified 

compositional formula, guide layers and clad layers. 

SOLUTION: A. GaN laser consists of, for exaiaple, an I nAlGaN 
active layer 6, 

InGaN guide layers 5 and 7 which are respectively adjacent 
to the lower and 

upper parts of the layer 6, and, moreover, GaN clad layers 
4 and 6 which are 
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respectively adjacent to the lower part of the layer 5 and 
the upper part of 

the layer 7. Here, the layer 6 is formed into a multiple 
quantum veil 

structure, wherein two kinds of In 
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tJWt. t&fcOA lGaN?77 h*l<Oftb 9 I nG 
a NXJiG a N £ ? 7 ? KJH t LTffll** £ £: tCk 9$ 
J^m^aUStff^Ofi^GaNny^^ 

A$ft£**'J7a { l riGaNX(iGaN*'<S>&6;!M 



8- 



7- p-lnGoN MQWa-fKS 

6' = 



10 



TZZZEzL 



n-InGcN MQWfl-f KB 



4-- n-6aN^7^«yK® 
3— 



'FnAlGaN MOW Sttff 
IN 



r. 



n-GaN3>*-?NB 



1 

Jlfc £ JWwf & G a N*fc£fcJfmWfe&»4,$r 

4«fir< 1 1 nS&tx&l/A 1 IfljfcyOlv^ftj&^Ogrtf 
$Hr&2%01 it. A I y Gai-,-, N ( IfcxSyfc 
0 . 1 2 x + y ^ 0 ) WJSjP^lCfi&Ja £tlfc£fi?# 

I n 2 Gai-, N ( 1 > z > 0 ) frhtchfil HJBi:. 
I n u Al» Gai-u-« N ( l>u^v^O. l>u+ 10 

Bfc£Ji^*GaNi^£1iy^<^*S¥S(*l' 
— 7£B££vyc:, 

1 1> I nffl^xSt/A 1 mfiLyWrftlWrni 
m^2U(01 n« A 1 y Gai-.-, N (Ux^y^ 

I n, Gai-x N ( l>z>0) frhtahiU b'JSfc. 20 
& 2H<0 1 n , G ai-x N ( 1 >zS0 ) (DNUjt&Zfr'^v 

4 mt. muz* vmtz*ti?wffli+ m 

b £-&OG a N 7 M^*r^tt*^&&¥«ttl'--lF§£ 30 

In. Gai-, N ( 1 >x>0 ) jK>&6«,14Jli: . 
I ny Gai-, N ( l>y>0. x>y ) frtttthti-i 

tmi? 5 fccOH,c-eiim^Htf-6 A 1. Ga 
i-i N (l>z^O) 3&^*SISRtg«fc. • 

In. Gai-, N ( .1 >x>6)*»64r£iffl£JR. 4£ 
(:i I n. Gai-, N ( l>x>ygO) frbZcltf* 1' 
«»,tfia£«HSU A lffl^z«0«*»m62aOA I 
, Gai-x N <l>z^O) jK>£S£;ft7#F18j£<9 

Co* ;. •i'/fFMUlwW im8M£2 t>izlg&th , i 

On A 1. Cai-n-viV ( i lV » . v •■: ' . ! '■:>: ; '■' 



(2) tlffl^l 1-243251 

2 

[000 1 ] 

SftfPgEEAvh? ^G a N3Wfc#fi^tt 

10002] 

[Miffi] iS*^ GaN. I n, Gai-, N, A 1 
, Gai-, N (O^x^l) . I n,A ly Gai-,-y 
N (O^x. y^l. OsSx + ySl ) IftfDGaN^Ht 

OTGaN£ft^^fcA^&i>U-1fi£M 
£, GaN^LD (Laser Diode) fc«S8^-&. &tZ^ % 

[0 00 3] GaNSLDIi. WMmz\m%M££ 

o t-j»mz®zz t t^mx-h <).Kt< 
mm^^smmbx.xmm^ixx^. ra*. 
GaNiLDt Lx&mommfitmgzztix ztztf. i 

Z^mW&Z&i 1 k A/cm'- OT^-rSdt^'T^ 
"f . 4fc. (lUTFFP : Far Fiel 

d Pattern fc^B&f S ) ffi&Jkit 

X?MSt LXm&ZGa.N&LDii.ZtltXSkhti 
X^WifrnffiX-h-vtz. : 

[0004 1 zzx-f f p ta % . k-¥^ranS36^ 
3ct LTSHSt:*fLTSE^ri6]^FFP(ct <taa 

[ 0 0 0 5 ] WkCDG a N&LDC9F F P{c4£ t 

±TC2 0mJb<7)«S3&«»)2rWL. A»o. B9(c^fJ: 

[0006] GaN^LD<OFFP«f^«1t5r5rrSA 
li. V-*f WttfWMWL^- Y (anti-index guided no 
de) \iZi.*)fii>tlhtZ#>b%z.t>1xZ>. ZZX'&Mm*: 

iSltfia^O. FFP^^ttfcr^rSJg^^o. 

[0007) -f rv":G.- N;f : u'-.^c^n 

V iGaN^ H^Og^Srn: % ly^GaN^ H 
50 ®<0J1-H*^±Tt:RS^-&A 1 GaN?7v FE*>S 



3 

Sf^Srns b-r&t£. ni >m >n 3 tff&S)iLrxr> 
T\ U-if^tJi tot <>affW>&ti I n G a NrSU 
JB(C^o^a«f*8%«-H (index guided wode)iz£ 
9± t . «-7t F F P<03l&g#tf li&8W£ttJji«*tt 

[0008] L#>U C a N jR L D fte . ?5t£K C*EcS 

GaN^7 xHJi<7»HJ8*^. S^tCiTtClSS&LT* 
tt«5iKJ!lDMO^$ t>GaN3^? H«Jti4>: 

[0009] t&fcOGaN^LDTkL SttJIfctf'f H 

e ff (ni . n 2 , na fc«E#JBOJf STifcl&W 

.tOt/i^V^AGaNny^^ r-Jf -Nifctf 
a5L, GaN3y^^hS^3fefflt2^>^IS*^< : 5r 
FFPtC3>^^h®03feI!]b)i«6{C^-r^t 

[00 10] 01 OfcL {^<DGaN&LD£fiij£-f£ 

[oo in ^>ttwi. LDwranss^-r^^M^ 

-f3fcDffltt3£g (fflJgNFP; Near Field PatternfcO? 

[00 1 2) S'S.a.l'— S'aftt, n-GaN3y^ 
M25. n-AlGaN?7'yK126. n-GaN 
HA Kfl 2 7 . I n G a N<0#ft-7-#F ( ETFMQW; 
Multi-QuantuB Wei lfc ) «ja<0fiSttJf 2 8 , p 

-GaN^ FJg29. p-AlGaN?5»/Kl3 
0. p* -GaN3^^M31, p1E!&32«^& 

[00 1 3] 01 0£^J::5C. ft^-f^lp' -G 

[00141011 tm-~tk#T$#>t:m&>G aNS 
LD<0FFP-C*S. @<0«IWJiW— f3t^t*-i,<o;0 

KTTfc & . - 1 5 gJ: 0 fcffttcA t, fx l y3MtftttJ& 
•j<i. USlOt'tfWcp' -GaN3V*7 h&3 1^ 
OjfcSI J: 5 t>OTJ> 0 . 1 8gftjfifc*£*t£ 
«V^-^Ji, ^On-GaNay:?? Wf 2 5^<05te 
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[00 1 5] iJecOxSaU-i^aytiO. t£*<0G 
aN^LD^FFP^f-^CA^S* t*-iUD 
fi»>'Dfc£**ttfcJJ. WffliGaNny?? FJI2 5 
fc 3 l^^m^fci^ta^SS^KJ: D9te*> 

[0016] C1C U 3 K. RSix*- KiC«k & l>—flc 
TliF F P*^43tttSr*-fJi:*»0 "C=Sr< . F-'tV hie 

WB6OT5<2:4. (J!3fcc0GaNmLD-C»iGa 

nay 9 9 hm / ^<V/t<ol>ti£%&i'&t&. AiGa 

N?7 yKJfcOA liaj££*£< LTns ^$<^"5 
*\ XJiA I GaN?77 K®£JI<-f &3?<0*t^#fc 

3yti-?y;aU-y3^^5:il 2&tf01 

[00 17] 01 2fil&!WGaN^LD£OVvt:£J6 
3tAlGaN^5-yH®26. 3 0tf>A 1 fiD£fc@$£ 

-^3 y*$mT'J>&. IBMUA 1 GaN?7 7 KB*>JS 
$ . SltttiA lGaN?77 HScOA 1 # 

A l GaN^5<y>'ffl<0A liUtt*»<'4"ftSL^|> ) 

[00181 tafeJfecoO a N^LD {COV vt^ibfcA l G 
aN^7-/HB26. 30RtXGaN^ KJI27. 2 

30 gcoff^tr^^i^-if^coL^^Mm^^JS^k 
■r h 7 -/ k mnwz z±z < t h - 1 vwgxh 

[00 1 9] 01 2. 01 3tefcWC, ffiZlbZtlh 

miti'-^mjm&bK&fmx'h') . -e-^sfi^ 

40 S . v^tni: LT y-<fW£<r) b p v ^^5rffi« 

^. 7 •/ Vma#Z% a i tf^i^JiJirti i 
bffi&X'hhtiK n;^J5fflT-ix<?>o«gS-tiJnL.T 
i,L^t ^mSSSJS J <0fi* 1 k A/c in 2 MTbth . 
Zb\iBm.X't>ZZbVhfr?>. 
[0020] JEJS, A 1 G n Nl(C*JV^TIiG aN^J: 
0 fc^r ^fi*<aSV^^. A I GaN?77 KJi^Wr 
+ >) r&££E< C t li :". "C'i>0» A 1 GaN? 

-f&fccoi&f^mEte^&S. ^fc. AlGaNtffi<0 
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A!|fl£^I?$£:*£<?*itf?7-y:?*:±t£<. ft 

filter* htz tt-tEmt %h . 

COO 2 1 ] Z<7)£oiZ. fiV^L^v^S^ST'ffi^ 
miKGaHJlkLDZZmt&tlMm. AlGaN? 
y 7 KS£iS<-f 6.1 i CJ: OiSttJiW-f YM^ 

[00 2 2] L*»L-^lCfcV^T. Al*fli££i9JnL? 
EE*^<=3rO . AIGaNt^GaNMfflt 

[0023] 

[JWWKfcU: 3 t-TSaai JbfSU:J: olzt&XfD 
GaN&LD£fcL I n G a N Stt^iTCEKg^S 

£*tf:A I GaN^77 mtfrt>%&i&\imffim&.i& 

<wm}mK&mi)K $ h \z m e a ! g a n ? 5 » kjb 20 

{til r J tflbxteftlc. Km®.*- YizX & V— 

(00 24) t£ifc<OGaNi&LDfcfcL ?7yF 
JgcDA 1 J0jS.^J?£ 5r^c& < L T A I G a N ? 7 "/ HJB 

[0025] *%Bj(iJ 1 a W fS1g^r2 : ^-r/>s<^$ix 

5. 

[0026] 

[f8S£fl^S*:tf><^8] *&aflco¥3?flcU--»fg 

m-& g a NmLGwmm>t>%?> u-<f$m£ts^ 

X . 1 i> 1 nWrfLxATSA I fflj£y<OV vfftj&HT) 40 
fi ffgfr^gjl gj n, A 1, Gai-»-, N ( l^x^ 
""yTo. 1 ^xTy^oT^A^^S^^fut^fi 

• I Oai..« N ( 1 > 
z>0) frhtc&tf-i VMt* I nn A I v Gai-u-v 
N(l>u^v^o x l>u+v>0) j&>&3:&?57 

[00 2 7] *JHWW»l^^. 

«2i.>0l ni A ly Gui-.-y N (l^x^y^O, 

1 £ x + y £ 0 ) OStf^Sfcf^SftfcWf #Fffi 50 
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jlfc'tft&iJiaygi:. In.Gai-. N(l>z>0) 
frt&hiU HJBfc. GaNi'^4777 :•;,.£: IS 

[0028]#*L<lil5iE#4 Fflti. InfflSzW 
e*<5I^S 2S<0 1 n> Gai-i N(l>z^O)<?)l 

* { x2Lt3fii^ . £&3 ! - r-. : : ) ' Ui./W. T 6 -I £ £ 

[oo29]*>t. ^m\^M»u—*mmi. iStt 
rat. fitEvStt^^T^g-rs*'^ mt. mz# 

it^wmm^Kc^-^mzii^x . in, Ga 

i-. N (l>x>0) *>t>&6*£tt«fc. I n„ Ga 
i- y N(l>y>0. x>y ) #4 FBi:. 0? 

EjSttHfcXf-f KJBfcOlSL **:ti:15iE*M FJIfcfufE 
?7?FJlfc<^fc*:h^ft:rtTtt&A 1. Gai-x N 

< i >z ^ o ) frt>%mw$mmt£'tttz t tim 
[0030]**:. ^m^m^-^mi. 

<b*»%t&Mk*H YMb^y-/ VmtZ&ffit SGa 
N^^^fcA^&l'-^StCfc^T. In, 

Gai-, N ( l>x>0) *^^rl>r£ttiS. */JiIn 
, Gai-, N (l>x>y^0) »kti:h1H YMOK 
miZffi&L. A l ffl^z^fi^'H^S 2W?)h 1 1 Ga 
-r-i- N ( l>zS0) *^^r'S^fi^tF43^<0^»lP5 

a® t . zomwrFtitmommmmtzis t>tzfm 

tSIn, A.i, Gai-.-,' N USu, vSO. 1^ 
u + v ^ 0 ) frhtck 7 y '/ YM t Z-ttsZ. t 
-th. 

[0031] 

i&^mzmMizmpji-rz. mm. ^m\^mi<m 

MiCi^Ga N&LD(7DBrffif!iii£*tHT'£> 
h. 01t*-TGaN^LDJ±. -t7r-fTS«il<0± 
(DGaNA'777l2k. n' -GaN3^^M3' 
n-GaN?77Fa4k. n— I nGaNWMQ 
W^H®5fc. I nA 1 GaNC9MQW-/Styi6iu 
P- I nGaN<7)MQW^>f K®7k. p-GaN?5 

•/Ymst. p* -GaN3^^h^9t. -5"<0±t 
}g|£$*i*:p^ffil 0t*^flll£?*iS. 

[0032] ^^tCp.* -GaNay?^l i?;«>A,n 
♦ -GaN^W h^3^M'*-C£i;^(CXx-^y 
^t. StilLJtn 4 -GaNay^^hlSW-SifiitCn 
tggl l*^fi£$fL&. ^rt». GaNA-,7rl2Ji.. 
-9-7 r W 7 I'M 1 <?).hfc:^-f S G a N^^ltSJt^ 
fitt*»#^ -5. i t fc UOi t L'C v^l> . 

100331 CCTnfflWF-'tyMiSi » pfi^H 
-/-cyMiMgx-J)»J. n« . fli-eit-F/tWiawK 
-/\> \ &i& ; &^Zt&jfi'i . i&SM(>± {:.-..:.■■)■ ! 
n A 1 Ga Ntf)MQWtf>flSi§li. f 
7X*fr*(-<7MJtt.^(Z%%h&Z 2 0 n m]aTQ2 
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@3&7>I nA IGaNSH^S. In, A 1 y 

Gai-.-r N(Ux2yS0. 1 ^x +y ^0 ) W< 
yh'^ff/ rx*/Mf-»i . I n ffljfc x X<i A 1 Jfljfc 
y.Xttlfl&x. y<oe?:fttc^fl:S^iC:t^J:0. 
5VWcJ|^l»ffii:-r&Cfc*<T#S. -I<Ofc£. I nffl 
j£xX(iA littj&y. XliWJE*IU£x&tfy«Offl*ftiS 

£ t:mZ 10 0 n miaT<0^^-®*»*>=3rS SQWti! 

[0 0 34] &fc01O#4 KJf 5, 7 fcL 10 
J?$* i 2_g_nmWT<02aSi^I n, Gai-i N (0^ 

liMQWtSSIfc LTt>&V>L. I nmL7L<r>m#4 Y 

[0 0 3 5] I nGaN^'-f H«^MQWtSi*i:-r^ 

&&J&.&tlZ b b^ttch . Z(?)t £ . I n G a N 
(OMQWJSfcMgSfcliS i ^OF-^hSr^PK- 20 

[0036101 fc; KJiS: I nCaP* 

COM Q W»}^XJi#Stg^ t -fiUf L ti£*^T*Ofc 
A 1 G aN^77 KJItfTOgfc S . -fSrfc 
*>. 0 HZy^tX oCInAlG a NiSttJH 6 fc -tO-h 
TtKft-TI. I nGaN^ H«5. 7 1> 3^K-e<9 
±T£EHg-f S G a N7 9 v KJI4 . 8 *>£>3:& G a N 
^LDCti^t. I nUMfc A IJIijKt^fijifl:^^- 30 
fcfcj: 9. 'iiUM. #4 YM. Ymfrhtch 

ftM£f8$l-CBf£.ZtL&G a Nay? ? h/I<9JgJ#£ 
n*. «k 9 t,*#l^GaN&LD£|g&tS.r 

1 0 0 3 7 ] 1 WSS£W,ft.v<»>G a L DTtx. fl 
3fec7)A 1 GaN;77 KJI^ftbOKGaN??-? KJi 
4. 8#jflV^*l.Sfc*>. •tOttfflfcSS.HGaNriy 
??hJI3. 9*f«a$ftTt. fffcjBil nGa 

m^^^.tcmm&^-Y^in^t.^mi 40 

UG a N 3 > ? 9 hm^CDft?) L*t: L 

Di^&2&#i£*«0G a N £ L D J; 0 I M^th . 
[0038] 02 1 WHigOiBgCff.* G aNI 
LD{COV>T:fctf>fcFFP<9$4rab6. I 
n A I G a NA»£&£MQW}gttJI<0A 1 «j£Ofi{± 

-r^:i?^I nGaNOMQWiSttl^fflV^^fe: 
oof KthtzhvyVhh. L*>U FFP<OJ#t»iMQ 

MQw?s^cov>TtriR'Ki!!;.^'^* ; }#^nx:. 50 



[0039] AlGaN?7-y HSifcfflV^il lfcip 
-tt&fccOGaN&LDcOFFPdit^-C. G aN3^? 
7FBCJ:i>3^t;>^7!> { ^(cjH*U FFPIigft. 

BH<OGaN^LDC0fl|jST<i. ft3fefc±2 0g?t>->t: 

[ 0 0 4 0 ] 0 1 fcjjHfl 1 <rmfe<r>mm<OG a N&L 

mcSKJ&I&tfO L, *tf>L£^fiSmcl®£tflkA/ 
cm* WTT'fc*). St. U— »Hfc3fctf>FFP<i02<O 

[004 1] <Kfc03fcS-?£. *5&<53<03S2<Ofa5&D 
^(C^GaN^LDtCO^TUtW-S. 03fcii^ 
01(?)GaN^LDt^-r^S5>tJi3— <0#^ 

t) . 

[0042] 01fcU^T«. I nA 1 GaNvSttJf 6 
£0±T(CI nGaNcOMQW^M hi§5. 7A>T9StgLT 
IrVfc**. I nGaNWMQW^ hig<±. 03(3^ 
1" J; -3 tC I n A 1 G a NSttH 6 tfOfriacO^KlBSS L-T 
V^Tt^VV 03T11I nA 1 GaN<7)MQWffitt^6 
fcn-GaN^7-/F)i4fc<0S{C;n-I nGaNCOM 

[0043] 5t(C^fc X. 0 t£Att«>AfF^ I n G 

ttBti^LT I nGaN*»4>!SrSiy^MQW^ >* 

[0044] C:<Oj:3fc:l nAl GaN«it«6coM-|!g 
<T)Mzm%LX InGaNWMQW^ K^5rSt^*J 
^•(Cli . 0 2 iCtt/^-C F F P^BLft-ftitf^-imfct 
^0. vStt^tJ:&^<«ft.- , ? >J H£T^-S* 5 . n e ff O 

fl^JtJP*^tt<OF F PSr^SCl S . 

[0045] *i. ^2<o|?ffeco^ffiT<o^^J:a(c;. 

A 1 G a N 9 5 •? Ym<T)tth •) tzG a N ^ y -/ K 
H5rfflV^lfFFPlr^k-ri>C:t* { T'#l.. 
A 1 GaN^77 HSrfflV ^tth-Jf VtSmffiCO^ 
A 1 GaN?77 F®£ <t S€EKTt>a= ^rl>/c 
ft^-iflfctNKOilh^f^^SU. **^>. SUA 1 G 

[ 0 0 4 6 ] 04 li. *HBB<7)m 3OHi6<0^®t^* 
GaN^LD<O(Biffi^S:^rr0T'*>S. 04(C^G 
aN^LDtt. -9-7T>fr^Kl<0±fc:. GaNA>7 
r!2k. n* -GaNsy*? HS3i:. n-InA 
1 GaN^5-/K©] 2i. n - I nGaNOMQW^ 
4 KJH 5 <: . 1 n A 1 'J a NcOM QW^tiAJ 6c, P - 
I nGaN<0MQW^>f YM7t. p— InAlGaN 



?7-yKJgl3k. P' -GaN3^?h@9t. * 

[004 7] ££>tC. P' -GaN3^^H9H 
q» -GaN3y:??hJB30&4>£TSB#W(CXyf- 
y/U SS.'UUin* -Ga N:7y?? h®3<0Sffii(C 

[0048] ££THlkFratn£OF-ACyMiS 
i, pScOH-A*vHiMgTJ)&. ^fclnAlGa 
N<0MQW«Sit^6{i. .2 0 n miaTOffllSO^ 
~S 2 SSicO I n A I G a N J- t ; 'a. 3tfL(C&fci L (.1 Q <fl 10 

fSiart^SrS tOT* 9, I nGaNOMQW^ 

5 . 7 It. 1 0 0 n n.fclTOSlsfoO&frS 2E"i<0 1 
n G a Nlf£3c5lCf8/§ Lfc M QW«Uft*»^«rft Of 

[00 4 9] #4 KJ15. 7 5-1 nGaNWMQWtf 

mxwvzi. 5 c:. I n = - k 

3£#£iiSC:kfcJ:6. 20 
[00 503 04t^t^3OHifeOB®ttJV^T«, 

KJB1 2. 1 3£ 1 n, Al. G ai-u-v N ( .1 
>ufev&0. 1 >u + v>0) 3&4rcft£ifek 

L. ! nJCCuri'A 1 $M.v ,t 5 'OA'S \>&b?&&k-^~*- : 

[oo5i] z<7)£oi,z®2<?>mt&0mmx'\3.. ys&js 

f/y v Vmt£ I n»'Ai mt£ ")^^ 1 n A 
[ G a N k U jef-f KJB£ I: n G a NOMQWfc 

mm&m ltm?w g a n a 9 hmom 

mm J:»)i*£^GaNi&LD£f|38LTV^. 
[0052] $£-3t?i53^;i^»GaNSLDt 
li. miOHteO^tlSliU. GaN3^^h®3. 
9*<«lSiVCi>. ie»JS*f*n e ff *<GaN3^? 
HI* 9t>*#VH0T\ I/— ^?&5t« InAIGaNg 

gSgOH^G a N ay?? h^OL^fcXtfi^'-f 

6. ftoT. FFP<03Ug#?M;t 02C*cfJ:?:5Hg 
titc&Wm*:Kl-£dlz-?&ZttfX-Z&. . 40 

[ 0 0 5 3 3£i} '„• js 2crmmm.t mm. 1 n g a 

N<7)M QW^f KJf 5 . 7\i: fr-fl i>, I n A 1 G N 
N<75MQW#>f 7^W1»<0*Tj>-5Tt>H«(C 

f ifc*^*. d *>«!:■? £81 3 o 
HStC. ffito#tt<DGaNi&LD£*tS.rk#-CS 

[ o o 5 a ) mzms eawrewMM 0&&am so 
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1 0 

Sfcoot fJJ<m-f & . *?KHOjB 1 flSSB 3 <0Hi6O© 
SfCfcWC, I nA 1 GaNOMQW?Stt^6OPi0gX 
{±tt-fl8£I nGaNOMQWtf-f KJI5. 7£gtt£i§ 
££owc§tHBL£. LA>U 05fcSrTJ:dK. iStt 
1(0A 1 ffll^rc£->T7£tt$A { #4 FJBfcHftC I 
n G a N l/> I *si<t C<i - * •< H >3 c 5* JJ k OlnlO 
Ay H y TC9£#v|>£ i» wciSttBfcaEA 8 i ifc ;V . 

a. 

[0055] -f 3 5ri?*>. 1 n, Gai-. N (0<x< 
DfrtthmBJat. I r»y Gai-j N ( 0<y< 
1 . x>y ) frhtchti* mttf®&LXBl&2iifz 

y k^-v ••/ 7ff>mifi^ <^ j v y u-$. 4i 

[0056] @5T1i. ?Stt«t^ KJBfc369«Cft- 
®&vmipt>%hi3r&tfmiitiX i PItK'PJS 

WOJ&^tt^ti. ifitiJgJCA l 

xf-f Hetc^-vyr^jr-A-^o- 

• v[ 0 0 5 7 } IS 5 (Sv ico!Si>fi£- V n G 
aNrfittlt P-I nGaN'/tf KfKtfn- I nGa 

< i ) *\h%mmm®£Wihtzt *w<yYiKiB 

^ Hl^Inmx;V (x>y) k<^ia^V>T© 
mitZtlZ. 05t:fc^TpSi4.t^nSO?7>y W { 
GaNd»^>^5t^. iOAlGaNUBWeWJil n 
G aN#-f KJI t G a N? 9 -> HJfOfaCSt«tT tli 

[0058] pMSO A 1 G a N^ffiKSJBT-SWjS 
ttS*»^P - I nGaNXf'f H@fc*-'<-7D-ti 
0*<Ee±$n. nStBOAlGaNSKKaSTiEJUl 4 
fSttS*^ n — I n Ga N^ \<®lz*-rt-ya-? 

h<ntm±^ixh. zcDXoizte&mttiJ K/aA»t;c 

I n G a N ix. M#0#ffifcl^$ fxSRf? 

^hSVMS^-tCtt. ^tt^fc nlfflRl^plfflOI nGaN 
HSi: <WSllz*ti?tiA 1 G a N^J^Ig^J Wi 

ft.. tt&®W**V7i8t^£%itt.-tZZtVls- 

iztfxosm^amt^h. 

[0059] & fc@6 \izmrS% *%91<0gS 5 <0Ht|S _ 

jgistcot ^raw-s. 06«l isea i GaNarai 

SJil 5Rtn7£. -e^-eni nGaN<OMQW85tt 

JH 1 6k n —!.»•(! a N/T-Y Hf? 1 4 k<0lSI. St^l n 
GaNf)i\iQWflSt£$l 6kp- I nGaN^ FJgl 
8 k COOH^^G aNlLD <D&®ffiit*<^3 V % 
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1 1 

4. ZZX'\ nGaNM KEcOflUfcli. In,Ga 
i-, N ( 0<y < 1 ) omBtt'&MitZtlZ. 
[0 0 60] 06(^t^5O^Of[p!g<DGaN&L 
DJi. p-lnGaN^Hai8tp-GaN?77 
HJS8 1 WHCai^it itf: X V v -f TtfOfSjD&Srtf 
-$h n -Ga NVHST'O 1 9 in :»- 
G a NI&sS T'Q ??«19tt, P&li'. 1 0 A OK/.*- 4 
IE7l^cS£ I nGaN^MQW^tt^OiffiSSPtCfc^ 

u— f^t^L^m^mmm^mL. 10 

[00 6 1] p-GaN?7 7 KteSfc p- I nGaN 

C. <0^-ffl£7){lSt:i>oTtfi^. *co<iiEl±=3I£G 
aN^LDOS^ietCtRf LTSi^ixS. *fc06 

GaNtro^$h.Stc7)fli^<. n-InGaNXIl 

n-A ! G ;j N-:..MJOTi •■. 
[0062J f£S7'D "sfMt LX n — I nG a N Srffl 
V^SS-frJ'li. G v. ^lrJt-'<T.-'^-'--:'A i V7VY.0|N^Vi 2: 
I nGaN COM QWjgttil 1 6<r>V—f%ff-U 
*i* £ fc (c J: 0 l^— f WM*- VifflWZ *u 

mZbtttSii, S&'n-A I Ga f-'5fflU^K',f-: 

[00 6 3) ZVXotzU—fffltcoffi^-VZtyWl 
T#— h'tC-f 4 1 |s]B.*{C , A I GaN?77 30 

F«CfttTH6teS?-J:3fcGaN?5? 

war, GaNayfi? hm^cvmiihtoimmti. 
f f p ni.«oT% «tt^ic*t Lxmrnu^ico 

ftt'-Acrm&ftfthittl&lzliMZ *i4. Sot, 

$ V*G a Nifc L D £*#4 £ t tfX'Z 4 . 
[00 64] ££06fc^GaN&LD<O«j§fcfcV 
X. n»GaN^77 HJi^SB&SilTV^* 1 , n 
-GaN;77 KJIO&Sllin-GaNnV^hJlS 

[00 6 5] 01, @3&tfS4tCfcV>T<i, M<0n- 
GaN3y*?MB3£y. fc-f4.Ii: tcj: *) nfg&O) 
3^; httfii<0fl£«Jr@7T^4*\ 06OG a U3k 
L T)X'\$ n - I n G a N#>f HI 1 4 5:34 V— f ± 
tK ZtUZ&8L??;y t LT<0ftffl£<i*ia4 n - 
GaN3^^h^3t:J:0«lR$il4<O-e. .rftSm 
• fcfidfci^C**^. -TOfctf). 06On-GaN 

?v99vm3\m\. m3&xm4\z)£Kxw.<$M: 

4. 50 
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1 2 

10 0 6 6] £<0£ t *>*>j££S 1 . S3&W14 (Cfc 
IrVC. n' -GaN3^7 hJgSOifcbOlCii^n - 
GaN-iy^^ hJgt U n-GaN?77KIXIin 
- I nA I GaN?77 K®Sr««T#4£ 
4. $rfc\ H6fciSVvrp-GaN?9-}>r-*Jf8«p- 

) nC?-.Ni:L.'C"i>;:<. iiX'P- I iiGaNj'-f KJ,;' 
18£p-CaNJts£l/CtJ.<iV\ 

[0067] XtZ®7 . *^O^6^ife<0 
J$S£ooTf$ifl>W"4. B7(cSS*»6OS«iW>JBflS0> 
GaNSLDIl IBRra -yaffil 9#p- I nGaN 
HA KJI 1 8$rjESi."C I nGaNCDMQWiStt)ll 6i: 
n-InGaN^HS14t (0#ffifc£-Cj£t 4fiS)t 
fcSitX:£ttC#BS*^4. *fc. 07<OGaN^LD 
l±A 1 G a N55fl5JP$M/§ 1 5 . 17£«§i.. I nGaN 
COM QWiSttJf 1 6 (CiiASftfc^f- • iETLO I n G a 
N#>f KB 1 4 „ l Z'W^-rt-yu-Wb&.VZ^ 
4. 

[ 0 0 c S ] £«i 3 CyiSttl 1 6*^1ia7'a -y ^ 
jgl 9 ("J; Ott^^zt/cfilittc-rj-tlf . vfittJi 1 6a.co 

^aj£-t4£k*<T§4. 

[0069] Z<?)t ^ n -GaN^gjyo-y ?m<rm& 

Mi.mm&w&rfr& $£;-~.\-iy?tiA. b- c;.-i> ; 

-C i T 4 £ t 4 . P^iSSrjaiS-m ■. 
tf v . I nG aN<7?MQWvSt^{'tfA?it4^S-T.- IE7L 
^4^%$<U^^llbW5i'fi4 : . i-iJ; p70 
GaNjLD £&K\X\ I n G a N p'4 1 4, 18 
nffllX«pfflcO-*<0^i: : r4»rfct>-C$4. 

[0070] zzx\ m5. %6comt&<mmiz&&G 

aN^LD <r)$mfimeXm£^X mWtZ . . 0 6 (C 
7KtGaN^LD<7)g{jt^ra;»i<^<0tt> , 3'CJ)4. * 
•T.-fyrA TS« 1 0±tC«if B ttOS^G a N^tO 
&®m&Zf£.%-fZtztb. GaNA-/7t®25rB)t* 
511^? n-Ga N3^; M3« n - I nGa 
FJf 14. A 1 GaN&KKUSl 5, I nGa 
NOMQWiSttB 16, A 1 G a NSf^KM^ 17, p 
-I nGaN^HB18iT««-f4. 
[007 1] i};tn-GaNWD7?Il 9fcaffi 

ffiiS n - G a N ^7 V 7 9 M 1 9 Jp-InG. 
aN^TJII 8tc^4ttSWXyf ; >'^L, 
7^T4MOKHnat5riBlft-r4. .: 
[0072] Kl&ftSfc «fc 0 , D?£*iS«Se5r§vfflx 

n-y^®±(Cp-GaN^7>/HJi8iS:^-f4. Kit 
(OG a N&&Mmm<r>l&.%li£X 1 0 0 0rjaT<0MO 
CVD (Hetal-Orjtanic Cheaical Vapor Deposition)^ 

zm^xrsozttfx-th. 

[0 07 311^*<0GaNmLDT»ia^A 1 GaN7 
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1 3 

1 0 0 OX:i:Lkcofii&&fk£?ro£m#f>r>t;. ] 0 0 

L*"t<« I nGaN<OMQWffltil 6«4>l:Mgtf 

W>'& «.,./£rittS.ttft# 1 r. Wf.t3"jL 5 :Si:!-Jt '>::v". : . 
tSitT . M QWgttJBafcJ t/c*St£* ; ft£Sii3: < 

I 0 0 7 4 ] I5IG (C^-f £ 5 £05?36^®«OG a N & L 

fttitftr6&tvP, ^BS5MS<o0rSJI$(± 50nml; 

" j&S't'l 1 0 0 OXJtlTCtJV t,+$Krtttr v 
ftJTf & A 1 G a NflNNV&Jtf 

[00 7 5] ttznH&VvtmtLXAlGaNZm 

^t^lzti. A 1 GaNJl+fc^SSrcE-f-iS©*^^ 
coX\ 1 0 0 0XMT<rM%.$.&tz£ Si.!-/ O&fi 2 
^.C-T LT-o . +#r. if** £ <: A f T* i. , 12 7 
4»ffi6 fi9^a<^B«E«e{f;SG aN&LDfl)tfii£<£, 255 

M(c*4*ttBiiifc*#. mmz±Tcr>mf8& 1000 

[0070] £ Jt . t&£tf)G a N^L DflfjgcOjt 1 fc. 
A I G a N ? -5 -y H«*«ffkt6t-, RSlS+tC A- 1- ,v' - 

#&W<OG a N^LDt»jgTiisaiaxe+cA I 

ZZbtfX'ZZ. 

[oo77] &£m8£mrsz*micom7com&<?>B 

»tov»TBKW*. 08fctt*&BJiKffl£ISBI-rs« 30 
isS#o;M%£irO*l>. @8»c^rtJ:dfc. GaN 
&LD#nS?5»/r-'JI20i. nSGaN^h'|2 
It, I n G a NOMQWiStyi 1 6 b . p -G a N# 
-fKJI23fc. p-?7yKE24fc££tri:£ v In 
GaNOMQWMttll 6i: p-GaN#-( KJI2 3i: 
COlSJfCA 1 G aN<OMQW&&f$SJl. JUiA 1 GaN 

/g a m^Kcz mmmmmzmh z t k i 

0 . iStt«ti£ASrl*:&? L '0p -G a KJI 2 3 
*W*-j<- 7 n -£fi&itt * Z b S . 
(0078] SIRKSJH&M QWflDI i: tftlf . ^-=3: 40 
A 1 tf j£££tr#E*>A 1 G a NJ§£iSEi§aJf fc t& 
J: 0 t)MQB(Hulti-Quantu« Barrier) (rM&iZX*)^ 
|h|-OT*ja I «li£T\ 33»W3rfSM^$£«k9^<-r 
Z>ZbtfX'£h. 

[0 0 7 9] £fc I nGaN<DMQWjSt£Jil 6£«fc& 
jg*c7>a£>'A I GaN&l8ft§?®£K8$-«i:£^fc(C 
£ f )miZiy-&3hMrf>&. ttnTl nGaNSStE^l 
G^^r-^SSOitAA^/fiyc^S. A 1 Ga 

H/Gam^%hMQYm«mmmzmt>*8ritlzi> 
AlGaN<OSBSKSSi:3tt=5r5*WAA>ixS. &fc 50 
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1 4 

flfSMQWil^SSlii, GaNf,LD<7llfifflS« 
cOfctfJM g 4 fcliS i £tf> F-A> h £^ K-T^S 

[0080] ££^&&gJfti. I nGaNOMQWrfi 
ttW1 6in-GaN#>f Vf$2 1 i^fSKc^.'+T tft 

l-xiiz:;.* '. -r/ /Iv.^o, 

mu^iffki /■ . v G :.;-,-» N ( 1 Su, 

dtLTta^. 05at^08^-f^lffliS 

f,r^-t LT. ^rlSTlcfi-nfiLfca^tOffl/S^GaN 
Sl..01-i,*,;-^; <;.^t;. J 'Ci: tl£^o£T'i>Kci\ 
[0081 ] ^i.tfH3tCfc^-t. InAlGaNtfDM 
QW^ttS 6fcp-GaN^7-/HJi8 t<nmzA 1 G 
a NOMQWXtiA 1 G a N/G a NA»£$r£MQW$ 
KP$£UZt-a<tiCtA f t't- I nA 1 G a NO 

MQWrStt/ff 6 fc n - r n G ;-. ! OMQW^-f HQ 5 i: 
^IfiKzA 1 G a N?^KP5g^^&<i-S ^ t* J T-^ h. 
[ 0 0 8 2 ] *%«5]{±±fe«OHig<^®fc|iR^ $ 

*i*ifci4«r^. mtix. m4cr>m3com&<mmiz& 

V . HA m 5 . 7 #M QWfil^T'J) S^tOV ^ 

SinBL-^*'. ^h*^5. 7<i, I nmj&btS&fcZti 

fz^m^ I- iiGaNittK t tT* 4^tcp- 

mkcDmm^a^xr&mii i n a i GaN<oMQwx 

Ji I n G a N<0MQW«JS?:#f lb LTtft^LfeV, 
I nGaA 1 N/GaNOMQWXIil nGaN/Ga 
N^MQW^^SUiMW I n A 1 GaNTftoTW 

[0083] ttz&Tcom&cmBlZti^T , GaNl 

pS«8*>4>i£«-tSC:tfcJ:0, P^^HtfcfiBt 
<0GaN&LD£j&£-f&£t#-C£l>. 4^«^S«t 

-fT^fcttCJfV^GaN^fH^^L^t^. GaN 
<r>rtfr7t?iik$mS.bLTm^iZti>TZ h. *<r>®. 

ZZbtfTZl. 
[0084] 

[ Kmam )±muzXo iz*?m<vmft\'— <m 

miZXtltf „ InAlGaN.^ KS* I n 

GaN. Hl^G a NXIi I nA 1 GaNi-f£ 

*6<0'C, GaN3y^^r-eti>ftS3iefflta*<>^R 

[00851 tiz. ItriMUmiWA 1 GaN?7-»K 
fl?){U>9<C. GaN^7-/H^4fc(iI n«j£*«Al 
ftfiEiOAS^I nA IGaN;77KS^>. $?> 
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[0 1 ] 3$ 1 tfOmUBSiOG aNSLD <08Mi££^ 



[132 1 ■ .". ■jCaNJRLDfc*}«t*J|U* 10 

tt«F FP£^ L. 

[03 ] ^2<0^i6iO»?ScOGaN^LD<7)Brffifl|jS$r 
iirf0. 

[06 J §S5 <OSIiE<7JiB®« GaN^LD cOfuiiBiftiSfc 
^rf0. 

[07 ] ^6O§^<0m^GaN&LD^KSnt8ji£ 20 
^•f0. 

[08 ] %lV&fo<mW)G a N&L D4)iSttJiiS8 
(c*i<tl»BfSDfiljS^*-r0. . ■ 

[09 ] fcfti&a N&L Q iZ&VZ&li&bF ?• g&ffcft 
5rf0. 

[010] «!^JG a N3RL b<?*jtf i^*M$<0N F P 
SttK^S'S jlW^vh ">0. 

[01 1 J fi^GaN&LDtCfc»t&^£^NFP 
£ i/ $ jl j' a >0. 

[012) (S!3!5<7)GaN^LDfc:t5{tS^-5 7 \-M<OW- 30 
$t A 1 #D£(c#-t* t £ *- »fS1E^fK<0^mca- 
0. 

[01 3]fi^GaN&LDfcfc{t£;#W HJB- 75 
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16 - I nGaN<OMQWittl 
1 8 -P- I nGaN^M FJ§ 

1 9-n-Ga NfSSST'o 7 ? JS 

20- n-^?<yHJ| 

21- n-GaN^K@ 

2 2 vA 1 Ga NOMQWXIiA I G a N/G a NOM 
QW*>/,^r|,r#KliSI2S ' "* 

23- p-GaN^ KJI 

24- p-^77 FJO! 
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